capability of connecting sensor networks to the outer existing communication infrastructure, e.g. internet, cellular and satellite networks.
User Task Management
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Fig. 1. General communication scenarios of a WSN
Due to the number of sensor nodes and the dynamics of their operating environment, it poses unique challenges in the design of sensor network architecture. Dynamic network: Basically a WSN consists of three components: sensor node, sink and event. Sensor nodes and sink are assumed to be fixed and mobile. Although currently sensor nodes in most applications are assumed to be stationary, it is still necessary to support the mobility of sinks or gateway in the network. Thus the stability of data transferring is an important design factor, in addition to energy, bandwidth etc (Akyildiz et al., 2002) . Moreover the phenomenon could also be dynamic, which requires periodic report to the sink.  Energy constrains: The process of data routing in the network is greatly affected by energy considerations, routing path and radio link. Since the radio transmission in practical scenarios degrades with distance much faster than transmission in free space, means that communication distance and energy must be well managed (Chong & Kumar, 2003) . Directed routing would perform well enough if all the sensor nodes are close to the sink. However, most of the time, it is necessary to use multi-hop routing to consume less power than directed routing, since sensors are randomly scattered in the area.  Propagation environment: Sensor nodes are deployed on the ground which leads to a relative low height of antenna on a sensor node and a small distance to the radio horizon. Non line of sight (NLOS) signal transmission in WSN is predominant in most directions since the complicated environment of deployment can cause severe attenuations. Signal power at a distance d away from the transmitter may be estimated as 1/d n , where n=2 for propagation in free space, but n is between 2 and 4 for low lying antenna deployments in practical WSNs (Vincent et al., 2006) . There are other issues such as coverage area, scalability, transmission media, routing protocols, which could also affect the design and performance of the network (Akyildiz et al., 2002; Chong & Kumar, 2003) . All the solutions to these issues need to reduce the energyconsumption and prolong the lifetime of WSN in most applications.
HAP-WSN System Scenarios and Advantages
Current research in HAPs has widely adopted two proposed types of cell planning in HAP system. By subdividing the coverage area of the HAP into one or multiple cells, the HAP www.intechopen.com
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antenna payload has potential to provide a high gain in each cell planning scenario. In (Thornton et al., 2003; Yang et al., 2007) , the coverage area has been divided into 121 and 19 cells in order to improve the capacity of HAP system. Based on the architecture of HAPs and WSN, we propose two configurations for HAP-WSN systems for different applications. The first scenario is shown in Fig. 2 . The sensor nodes inside the HAP cells are transmitting information directly to the HAP. The main aim of the scenario is to reduce the complexity and remove energy-consumption of multi-hop transmissions in WSN. It is suitable for WSN applications with low data transmission in large coverage area. 3 shows the second system configuration of the HAP-WSN. The sensor nodes inside the HAP cell are organized into a cluster, where one node with the higher-energy is selected as the cluster head. Senor nodes as cluster members collect information and send to the cluster head, which is responsible to send all data to the HAP. The cluster formation in WSNs is typically based on the energy reserve of sensors and their distances to the cluster head (Akyildiz et al., 2002) . The main aim of the scenario is to reduce the complexity of a multihop WSN and maintain the energy consumption of all sensor nodes. It can be employed in WSN applications with high data transmission requirement, e.g. multimedia. The HAP-WSN system has advantages of HAP system which is employed as a sink in the WSN:
 Reducing complexity of multi-hop transmission and achieving energy-efficiency: A multi-hop routing has been under investigations because the radio link is usually constrained by obstructions on the ground. HAPs are often considered to be located a few kilometers above the ground, where it can establish a LOS link between the sensor node and the HAP sink. Therefore HAPs offer a potential of reducing or removing transmission burden in WSN, organize communications based multiple access schemes, e.g. TDMA, CDMA, to reduce energy consumption in sensor nodes.  Low cost and rapid mobile deployment: It is believed that the cost of HAP is considerably cheaper than that of a satellite because HAPs do not require expensive launch and maintenance (Tozer & Grace, 2001) . The HAP as a sink, can be reused, repaired and replaced quickly for applications of WSNs, e.g. disaster and emergency surveillance where it has clear advantages. It may stay in the sky for a long period, which can prolong the life of the WSN.
System Level Configuration and Simulation Performance
HAP system antenna and propagation issues
In this work we employ a directive antenna payload on HAPs, which can ensure more power radiated in the desired directions. The HAP antenna payload is assumed to be composed of either a single or multiple antennas according to the cell formation. The antenna radiation model is presented in (Thornton et al., 2003) . The gain of the antenna of
, at an angle  with respect to its boresight, is approximated by a cosine function raised to a power roll-off factor n and a notional flat sidelobe level S f . G H represents the boresight gain of the HAP antenna.
The antenna peak gain is accordingly achieved at the centre of the HAP cell. The HAP antenna beamwidth is initially defined by its  10dB set to be equal to the subtended angle away from the antenna boresight of the central cell to the edge of the HAP coverage area or the central HAP cell corresponding to the single and multi-cell formations. After defining the beamwidth, the boresight gain is calculated as (Thornton et al., 2003) :
We select the roll-off factor n to let the radiation curve falling to 10 dB lower than the maximum value. Fig. 4 shows the two HAP antenna radiation masks corresponding to the single or multiple cell structures in the system. Distance attenuation is the empirically observed long-term trend in signal loss as a function distance, which is typically proportional to the range raised to some power. A shadowing fading is used to represent the shadowing effect, which considers the surrounding environmental clutter that may be different at two locations with the same separation distance. In our scenario, the pathloss between HAP and sensor node is expressed as the log-distance pathloss and log-normal shadowing model:
where n is the pathloss exponent, d 0 is the reference distance and d is the separation distance between HAP and sensor node. The value of n is between 2 and 6 depending on the propagation environment. X denotes a zero mean Gaussian random variable with a standard deviation  (in dB). The model shows that the pathloss at the particular location is random and log-normally distributed about the mean distance dependent value.
System evaluation criteria and parameters
Considering a sensor node in the location (x,y) to communicate with the HAP, performance can be evaluated by energy bit to noise spectral density ratio in (4):
where, P s is the transmission power of a sensor node in the target HAP cell. A s and A u are antenna gains of a sensor node and HAP respectively. PL SH is the signal pathloss due to distance attenuation and shadowing effect depending on the location of sensor node. 
System level evaluation results
The cumulative distribution function (CDF) of E b /N 0 is used to evaluate the system performance. Fig. 5 shows the CDF of E b /N 0 of the received signal in single cell and multi cell scenario with different transmission rate. According to the product data sheet in (Crossbow, 2008) , industrial-scientific-medical (ISM) band at 868 MHz and 2.4 GHz is selected, respectively. It can be seen that transmission from sensor node to HAP at 17 km in two scenarios is possible under the coverage area of 30 km in radius. The performance of sensors in multi cell scenario is enhanced compared to the single cell HAP-WSN system with the same transmission rate due to improved HAP cellular antenna radiation profile. 
Physical Layer Configuration and Simulation
Reliable communication links are needed to be established between sensor nodes and HAPs to achieve a LOS in most cases based on the height of the platform. Our investigations in section 3 show the possibility of establishing a radio link between HAPs and sensor nodes. In this section, we investigate the performance of the promising multiple access scheme based on OFDM in conjunction with the HAP served as a mobile sink to communicate with multiple sensor nodes.
Time-varying HAP channel characteristics
The HAP communications channel exhibits time-varying characteristics due to the motion of the platform or receivers and frequency selectivity due to the multipath propagation. Doppler spectrum can be used to characterize a fading channel and determine if the fading is fast or slow. A simpler parameter, the maximum Doppler spread f m , can be used to determine the channel coherence time T c as (Rappaport, 1996) : 
where v HAP and v sensor is the speed of HAP and sensor node, respectively. According to (Papathanassiou et al., 2001) , the Doppler shift exhibits a well-behaved and rather deterministic variation with time. If we assume the HAP station is not moving, the multipath signals arriving at the HAP demonstrate unequal but relative small Doppler shifts, which illustrates that the second Doppler spread component exhibits a relatively small value and can be modeled in accordance to the typical techniques employed in terrestrial mobile radio system (Palma-Lazgare & Delgado-Penin, 2006; Papathanassiou et al., 2001) . In HAP-WSN applications, sensor nodes are mostly not capable of mobility and thus we don't take account of the movement of sensor nodes. It is one of advantages of using aerial platform compared to UAV since platforms can be more stably deployed upon the area of interest with a long duration. The selectivity of channel is evaluated by the coherence bandwidth B c of the channel, where B c is approximately equal to the inverse of the maximum delay spread  m . In time domain, if the bandwidth of a signal is larger than the reciprocal of the maximum delay spread  m , each multipath signal can be modelled separately since different paths are resolvable. For a typical LEO channel, the  m ranges from 250 to 800 ns (Papathanassiou et al., 2001 ). Due to similarities of HAP and LEO satellites, we model the HAP channel as a slow-varying and frequency-selective fading channel. We assume the HAP is relatively stationary, thus the Doppler shift due to the motion of the HAP is assumed to be eliminated. The channel is www.intechopen.com
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regarded to be a quasi-stationary, and so the fading profile can be regarded to be invariant during the period of one symbol. The HAP channel is modelled as an impulse channel response h(t) with a sequence of discrete-time complex valued components. This sequence of discrete-time complex valued taps of a channel can be generally expressed by the vector h, which is equal to [h 1 h 2 …h l ], where l is the length of discrete-time channel length, and h l is the complex value of the l th tap. HAP channel modelling parameters are listed in Table 2 Table 2 . HAP channel characteristics
Multiple access schemes of OFDM
Orthogonal frequency-division multiplexing/Time division multiple access (OFDM/TDMA) is based on OFDM transmission scheme and time-division multiple access. Usually the overall bandwidth in OFDM/TDMA is divided into N subcarriers, and each subcarrier is carrying relatively small signalling rate. It has to be noticed that a precise synchronization between sensor nodes and HAP is required in order to have the flexibility and multiple node accessing. Furthermore the situation leads to a high implementation complexity both in sensor nodes and HAP. In this chapter, we consider a light version of OFDM/TDMA, where a single sensor node uses a full time slot to transmit, and the data rate stream is split into a number of low rate signals modulated in each subcarrier. Consider the equation for the baseband complex signal of one OFDM symbol in the discretetime domain:
We use N-long vector X data to denote the total OFDM data to be part of the IFFT output:
Furthermore, let X GI be an N GI -long vector expressing the guard interval (GI) precursor signal of X data . X GI is chosen to be equal the last N GI elements of X data , and is denoted as cyclic prefix (CP). So a completed transmitted OFDM symbol is given by:
Adjacent orthogonal subcarrier frequency separation B sub is equal to B/N, and is chosen to let each subcarrier experience a favourable frequency non-selective fading based on N. Usually N is chosen to make the minimum coherence bandwidth B c , which is approximately equal to the inverse of the maximum delay spread  m , 10 times higher than the B sub (Papathanassiou et al., 2001) . 
Simulation setup and results
For a HAP channel at a carrier frequency of 2.4 GHz with  m equal to 500 ns, the minimum coherence bandwidth is equal to 2 MHz. Therefore, if we choose N equal to 64, the bandwidth of an individual carrier frequency is equal to 78.125 kHz. Each subcarrier can be guaranteed to be nonselective. In order to keep the orthogonality of the OFDM symbol, CP is inserted and the N GI is equal to 3. Therefore, the duration of CP is equal to 0.6 ms, which is larger than the  m . In an individual OFDM symbol, CP occupies 4.4 percentage of the symbol X and can be regarded to be high-efficient transmission. The channel estimation is performed base on pilot symbols with a data interval at 8 in one OFDM symbol (Cai & Giannakis, 2004) . In order to reduce the complexity of the problem, we have adopted a simplified but valuable approach purely based on BER performance, which can be achieved by a single sensor node. In other words, multiple sensor transmission scenario is not considered in our simulations since it usually requires a precise synchronization when a large number of sensor nodes transmitting at the same time. No coding schemes are considered in the simulation. Binary phase-shift keying (BPSK) is used to modulate sensor node data rate R b at 250 kbps. The system is assumed to be perfectly synchronized. Simulation results in Fig. 6 show the bit error rate (BER) for N at 64. Generally, multipath can degrade the system performance due to severe signal attenuation. However, one of the main advantages of OFDM scheme is its improved performance and robustness in multipath environments, which is predominant in signal transmission of WSN. Consequently, it can be seen from Fig. 6 that there is a little difference in the BER performance under Rayleigh and Ricean fading in the investigated scenario.
Conclusion and Future Research
In this chapter, we have shown the scenarios of using HAP as a sink in the WSN in ISM band for different data rate transmission and examined the performance in the system level and physical layer. The HAP-WSN system can reduce complexity of the WSN and prolong the lifetime of sensor node by effectively decreasing or removing the multi-hop transmission. The HAP-WSN has a great potential in extending coverage area of WSN due to the unique height of the HAP. A LOS free space pathloss and log-normal shadowing model has been employed to examine the radio link between HAP and sensor nodes. It can be seen that employing HAP as a sink is possible and a promising application of WSN. In future work, a study of multiple access scheme based CDMA for HAP-WSN is promising. Furthermore, a comparison study of multiple access techniques based on OFDMA and CDMA using comparable system parameters can also be investigated to show the advantages of each scheme.
